Abstract: This paper advances a theory of how metropolitan land-use patterns affect racial settlement patterns and tests it by measuring the relationship between seven dimensions of landuse patterns and five dimensions of segregation of Blacks and Whites for a representative sample of 50 large metropolitan areas, using multiple regression analysis. We find substantial, nonlinear relationships between changes in multiple dimensions of segregation and multiple dimensions of land use, with most evincing a direct relationship between more compact patterns and segregation once a threshold value is exceeded. The results can be explained holistically by positing that variations in different dimensions of land-use patterns differentially affect land/housing prices, inter-group propinquity, interracial commonality of commuting destinations, and spatial mismatch, which in turn appear to affect the ability of a metropolitan area to desegregate. But alterations in certain aspects of land use-density/continuity and job compactness-apparently spawn a combination of forces that affect desegregation in contrary ways; which force dominates seemingly depends on how extreme the given land-use pattern has become. These findings hold implications for those designing land-use policies designed to fight sprawl.
INTRODUCTION
Few topics in the social sciences have been as comprehensively studied as the metropolitan settlement patterns of various groups categorized by their race or ethnicity. After generations of qualitative investigations (typified by Glazer and Moynihan, 1963) , the causes of these patterns began to be probed statistically during the 1960s, notably in the Taeubers' Negroes in Cities (1965) . The sophistication of these analyses advanced with the advent of multiple regression modeling of cross-metropolitan differences in segregation by Roof and Van Valey (1972) , Marshall and Jiobu (1975) , and Cloutier (1982) , and subsequently with the use of instrumental variables to control for the endogeneity of interracial economic disparities and residential choices (Galster, 1987 (Galster, , 1991 
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The second point of intersection involves three statistical studies of the relationship between various types of land-use restrictions, metro growth control policies, and racial/ ethnic segregation (measured by dissimilarity indices). Pendall (2000) finds that traditional land-use controls (like multi-family and minimum lot-size zoning) produce a chain of exclusion in which the suburban supply of affordable rental dwellings is restricted and segregation thereby abetted. and observe that metropolitan areas with strong, longstanding growth containment policies exhibit both lower segregation in 2000 and greater declines in segregation since 1990, but areas with state-mandated local housing elements evince the opposite patterns. Quigley et al. (2004) found for Los Angeles that suburbs mandating low-density development are much more likely to attract White than Black, Hispanic, or Asian households. 7 As valuable and provocative as these findings are, these works do not provide an explicit, unified theoretical framework in which land-use patterns and residential choices of different racial groups can be understood. Moreover, they do not measure explicitly any of the multiple aspects of metropolitan land-use patterns besides residential density. Finally, they typically examine only one dimension of racial segregation (evenness).
The purposes of this article, therefore, are twofold: (1) to offer an exploratory model of the various ways in which metropolitan land-use patterns (to be operationalized below) may affect racial settlement patterns; and (2) to test this model by measuring the relationship between seven dimensions of land-use patterns and five dimensions of residential segregation of non-Hispanic Blacks and non-Hispanic Whites ("Blacks" and "Whites" hereafter), for a representative sample of 50 large metropolitan areas, using multiple regression analysis. By doing so, we hope to advance the field in three ways. First, we will synthesize theory developed primarily by sociologists about the causes of segregation with theory developed primarily by economists about the pricing and allocation of urban land. Second, just as segregation has been shown to have distinct empirical dimensions, we will demonstrate the same for land-use patterns, employing several analogous indices as well as others of our own devising. Finally, we will show that the empirical relationships between 1990-2000 changes in segregation and 1990 levels of various landuse factors are nonlinear and contingent on the initial land-use pattern. These findings prove to have challenging implications for policymakers wishing to influence metropolitan land-use and racial settlement patterns.
LAND-USE PATTERNS: THE UNDERDEVELOPED ELEMENT OF RACIAL SEGREGATION RESEARCH
Received theory over the last three decades has reached a consensus that five hypotheses have been consistently advanced as explanations of racial segregation (Clark, 1986; Galster, 1988a; Dawkins, 2004) . Three, related to interracial differences in ability to pay for housing, preferences for nonracial attributes of the housing package, and housing information differences, focus on market demand processes that are not explicitly racial in their operation. Two others, related to prejudices regarding the racial/ethnic composition of neighborhoods and to racial/ethnic discrimination by private and public actors, focus on race per se as the driving force of segregation. Our purpose in this overview is not to argue which hypotheses command the most empirical support, 8 but rather to show that none make recourse to arguments about metropolitan land-use patterns.
Inter-Group Differences in Ability to Pay
Given the acknowledged segregation of homes according to price or rent levels in most urban neighborhoods (Vandell, 1995) , one would expect that households differing in their economic status (income, wealth, or other measures of purchasing power for housing) would tend to be segregated, even if their preferences and other characteristics were identical. Add to this the acknowledged economic disparities among racial groups on average (e.g., Blank, 2001) , and it logically follows that part of racial segregation is due to these economic status disparities (Bayer et al., 2004) .
Inter-Group Differences in Preferences for Nonracial Attributes
The argument here is that dwellings possessing particular structural attributes, environmental amenities, accessibility features, or local public service/tax packages may not be uniformly distributed across a metropolitan area. If, at the same time, households of different groups systematically differ in their evaluation of the aforementioned attributes, then their preferences will lead them to locate in different areas where their most attractive attribute package is most prevalent (Bayer et al., 2004; Nechyba and Walsh, 2004; Dawkins, 2005) .
Inter-Group Differences in Housing Market Information
Once segregation is established it may tend to be self-perpetuating insofar as members from each group lack current or correct information about housing opportunities in neighborhoods inhabited primarily by other groups (Farley et al., 2000) . This view posits that people acquire much valuable housing market information passively as they conduct their everyday travels to work, shopping, and friends and family (Clark, 1986) . But this information is spatially biased because it may systematically over-represent neighborhoods where other members of their group reside. When households search for different housing opportunities, they tend to search in areas with which they are already the most familiar, thereby perpetuating segregation.
Prejudice and Preferences for Neighborhood Racial/Ethnic Composition
Another means by which preferences relate to segregation concerns prejudices regarding neighborhood racial composition. Such preferences clearly have differed among groups for an extended period. Public opinion polls (Farley et al., 1978 ; U.S. Department of Housing and Urban Development, 1978; Schuman et al., 1985; Darden, 1987; Bobo, 2001) consistently reveal that Blacks and Hispanics generally prefer neighborhoods with roughly equal proportions of Whites and minorities. On the other hand, Whites generally prefer neighborhoods that are all or predominantly White-occupied, often because of prejudicial attitudes toward minority neighbors. What is less clear is how these combinations of preferences are translated into segregation, though a variety of models have been brought forward (Schelling, 1971; Schnare, 1976; Yinger, 1976; Clark, 2007) .
Discrimination by Private and Public Actors
Discriminatory acts by private housing market agents, such as landlords and real estate agents, can cause segregation if they serve to exclude minority home seekers from nonminority neighborhoods into which they otherwise would be willing and able to move, and/or if they render occurrences of neighborhood integration more transitory. The former set of acts includes "exclusion" and "misinformation"; the latter includes "blockbusting" and "steering" (Turner et al., 2002; Galster and Godfrey, 2005) . Public-sector actors may also contribute to racial segregation by their policies and practices. For example, historically there is considerable evidence that many housing authorities allocated tenants on the basis of the composition of the neighborhood in which the subsidized development was located (Hirsch, 1983; Popkin et al., 2003) . Local political jurisdictions have often enacted exclusionary zoning and other regulations that, while perhaps not racially segregationist by intention, may prove to be so in effect (Pendall, 2000; .
Bringing Land-Use Patterns into the Analysis
This brief review demonstrates that metropolitan land-use patterns typically do not play a role in existing theories of racial segregation. The only exception involves the aforementioned policies and practices of local public authorities. The theories related to prejudice and interracial differences in incomes and housing preferences can, however, offer vehicles through which the influence of land-use patterns can be analyzed. Instead of taking as point of departure a given set of racial prejudices and interracial differences in ability to pay and housing preferences, we explore theoretically and empirically the extent to which all these may be a product of metropolitan land-use patterns. As elucidated below, we hypothesize that land-use patterns may influence: (1) prejudices through the degree to which groups are forced into contact via propinquity; (2) ability to pay through effects on both incomes and land/housing prices; and (3) where groups will find their most preferred locations through the spatial distribution of amenities and workplaces.
THE BASIC THEORY OF METROPOLITAN URBAN LAND-USE PATTERNS
In this section, we review the basic model developed by urban economists to explain patterns of metropolitan land uses, which we believe offers a useful foundation for our analysis. We start with an admittedly oversimplified construct to introduce the model's logic, and then employ a more realistic variant. We then extract key lessons from this model that we subsequently expand upon in the next section as a basis for understanding potential causal connections between land use and racial segregation.
A Model of Land Pricing and Allocation to Households in an Undeveloped City
The model we draw upon was originally developed by Alonso (1964) and Muth (1969) ; we review its basic structure and conclusions below. 9 In simplest manifestation, it posits a stylized, featureless plain on which an employment node has been located.
10
Assume that transportation can be obtained in any direction from this node at an out-ofpocket cost of $t per unit of distance d. The issue in question is how perfectly informed households of two different types, A and B, all of whom work in the node, will locate themselves in relationship to it.
Alonso-Muth provide an answer by specifying a function that shows how much households from each group would be willing and able to bid for land; households will be allocated the land for which they register the highest bid. Because no land-use patterns (other than the single employment node) have yet been established nor any housing built, 9 Alonso and Muth provide different but essentially complementary mathematical treatments. To make the arguments more accessible, we provide a heuristic argument augmented by graphs. 10 For mathematical simplicity, this employment center is typically modeled as having no area, but simply a point. 
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GALSTER AND CUTSINGER the only two things that distinguish locations are their distance d to employment and the potential size of the parcel that can be occupied once land has been platted. Households' relative willingness to bid for one location vs. another will thus be shaped in this simple model only by their transport costs and their preferences for land. They will bid more for a location closer to the employment node because it will save commuting costs (both outof-pocket and wasted time), but the implied higher price per acre will also lead them to consume a smaller quantity of land, thereby offsetting somewhat the advantage of greater proximity. Competition among members of the group will ensure that the difference in bids between any two parcels exactly offsets these countervailing considerations, resulting in the same level of well-being (utility) for all households in the group. The absolute ability to bid for any location will depend on that group's purchasing power.
These land bid functions can be most easily pictured in graphical terms (Fig. 1) . The employment node is located at the origin of a graph showing the relationship between what households would be willing and able to bid for land at various distances. Because of simplifying assumptions above, the graph is general for any radius extending from the node in any direction. Let $a be the cost for undeveloped land in its highest-value, nonurban alternative use (e.g., agriculture, grazing, forestry). Now suppose that members of group A valued leisure time more (i.e., were more averse to commuting) and/or valued land less (i.e., were more tolerant of density) than members of group B. This would mean that the bid differential between any two locations d 1 -d 2 distance apart would be greater for group A than for B. Graphically, group A's bid function (A 1 -A 1 ) would appear more steeply sloped than B's (B 1 -B 1 ; Fig. 1 ).
It is immediately clear from Figure 1 that group A will be inclined to outbid group B for locations more proximate to employment. But this alone does not define how high the level of bidding competition between groups will be pushed before an equilibrium land price gradient is established and final allocations of particular lot sizes proceed. At this level of simplification, the intensity with which a group will be willing and able to compete will be directly related to its population and its purchasing power.
To illustrate, let A 1 -A 1 and B 1 -B 1 be the current level of land prices. This implies that the border between groups will be m (because at distances less than m, A will outbid B, and vice versa for distances greater than m) and the edge of the city (occupied territory) will be e (at distances less than e, B will outbid non-urban land users). Does this pattern of land prices represent an equilibrium? Consider the situation from group B's perspective. Given their commuting expenses $[t × d] at each location d, and their (common) incomes I B , they will be willing and able to consume L d acres of land at each location. If the sum of these acres across all members of group B exceeds the acreage available from m to e, bid level B 1 -B 1 clearly is insufficient to be equilibrium, and B's bids will rise en masse. Conversely, if the sum of these acres across all members of group B is less than the acreage available from m to e, bid level B 1 -B 1 is excessive and B's bids will fall. If group B's level of bidding rises they will succeed in obtaining more land both from erstwhile group A occupants as the border shifts closer to the employment node, and from non-urban users at the urban periphery.
11 Of course, group A makes the same calculations 523 of optimal total land consumption by the group, given current land price level A 1 -A 1 , group A population and A incomes, and adjusts the level of bidding accordingly. This inter-group competition and adjustment continues until both groups cannot improve their well-being by adjusting levels of bidding further.
12 At this point, equilibrium has been established for a land price gradient, consumption of land at each distance, size of the urban area, average urban density (given total population and urban area size), and locations of both household groups, which are rigidly segregated according to distance from the node. In this simple model, segregation is produced to the degree to which groups differ in their out-of-pocket transportation costs, preferences for land, and preferences for time spent commuting (Mills and Hamilton, 1994) .
Extensions of the Model When Applied to a Developed City
The basic principles developed in the model above lead to more interesting implications regarding segregation if we relax some of the simplifying assumptions and allow household preferences to have more dimensions. For example, assume that an equilibrium allocation of land has occurred at the inception of our stylized city above, and households have subsequently constructed dwellings on their properties. Insofar as dwellings are often extremely durable compared to the tenure of their occupants, household allocations among parcels in a developed city will need to take existing dwellings into account. In similar fashion, additional amenities associated with location can be added to the model, such as environmental quality. So, for example, if we assume that the quality of built housing 13 and/or air quality monotonically increase as one locates farther from the employment center of our stylized city, the slopes of the bid functions in Figure 1 will flatten because compensations besides larger lots and lower densities have been added that are also associated with distance from work. To the extent that one group's preferences value housing or air quality above the other, their bid function will flatten further.
Another modification can be made by allowing groups to have a preference for certain types of neighbors. One simple way to model inter-group prejudice here is to let the desirability of a location be influenced by its proximity to households in the other group.
14 To illustrate, assume that all group B members suddenly acquire a prejudice that makes them averse to living near group A. In the context of Figure 1 , this would mean that the group B bid function must be altered so that it becomes less than it was originally as proximity to the border m increases; call it function B 2 -B 1 . But such a change would create a discontinuous price contour at m, with A members now outbidding B for locations slightly beyond m. Inasmuch as group A would get more land than they desire to consume, they can afford to reduce the level of their bidding (to A 2 -A 2 ); conversely, group B must raise its bid level to B 3 -B 3 until equilibrium is re-established with a new border m' > m. 15 At this equilibrium, members of group B living at the border m' are compensated for this 524 GALSTER AND CUTSINGER disamenity by paying less for housing than other B members surrounded only by others like themselves (who pay a premium for this amenity). Note how, even if the two groups had identical transportation cost profiles and preferences, segregation results if one group expresses an aversion to living near the other and is willing to pay for it. Finally, the model can easily accommodate housing and land-use restrictions imposed by the public sector, such as construction and density limitations or nonresidential zoning regulations. If particular locations have their land-market responses constrained, the ability (and, sometimes, willingness) of different household groups to bid there will be affected in predictable ways.
Lessons from the Models for the Analysis of Racial Segregation
The foregoing model of how households are allocated to various locations within a metropolitan area through a market process of competitive bidding provides important lessons for the analysis of segregation. In the context of the model, residential segregation results whenever different household groups evince differences in their willingness and/ or ability to bid for the same locations. A group's willingness to bid is, in turn, related to its (1) profile of workplace locations and out-of-pocket commuting costs thereto; (2) preferences for land (density) relative to time (which may be devoted to commuting or leisure); (3) preferences for housing quality or other amenities associated with the parcel; and (4) prejudices regarding certain types of neighbors. A group's ability to bid is related to its real income (and wealth) , that is, their purchasing power vis-à-vis land/housing packages in the city. These lessons form the framework of our analysis of sprawl and racial segregation because, as will be seen in the next section, metropolitan land-use patterns likely affect the profile of workplace locations, real incomes, and prejudices regarding certain types of neighbors.
APPLYING THE THEORY TO UNDERSTANDING THE CONNECTIONS AMONG MULTIPLE DIMENSIONS OF BOTH RACIAL SEGREGATION AND METROPOLITAN LAND USE
In this section, we first review briefly the existing literature on the distinct conceptual and empirical dimensions of spatial patterns of both racial segregation and land use. We then apply the aforementioned lessons of the land-use theory to comprehend how various dimensions of land usage might affect the various dimensions of racial segregation.
Five Dimensions of Segregation
White (1986), Massey and Denton (1988) , and Massey et al. (1996) have theoretically elaborated and empirically validated five distinct dimensions of residential segregation: (1) (Un)Evenness: the degree to which two groups are differentially distributed across areal units (for consistency with other dimensions' scaling, we think of this dimension as unevenness that is positively associated with segregation); (2) Exposure (Isolation): the degree of potential contact, or the possibility for interaction, between two groups (for consistency with other dimensions' scaling, we think of this dimension as isolation-lack of exposure-which is positively associated with segregation); (3) Concentration: the relative amount of space occupied by a minority group in the metropolitan area (higher minority concentration is associated with greater segregation); (4) Centralization: the degree to which the minority group is located near the center of a metropolitan area (higher minority centralization is associated with greater segregation); (5) Clustering: the extent to which areal units inhabited by minority residents adjoin one another (higher minority clustering is associated with greater segregation). These five dimensions have become the standard set, which we will employ in our theoretical discussions and empirical modeling below.
Seven Dimensions of Metropolitan Land Use
Unlike the measurement of segregation, the measurement of metropolitan land-use patterns is in its infancy and little, if any, consensus has developed as to which indices should be employed (cf. Malpezzi, 1999; Fulton et al., 2001; Glaeser et al., 2001; Kahn, 2001; Malpezzi and Guo, 2001; Ewing et al., 2002; Lopez and Hynes, 2003; Pendall and Carruthers, 2003; Anthony, 2004) . Recent work shows, however, that analogues to the foregoing dimensions of segregation can fruitfully be employed in the measurement of land-use patterns.
Galster et al. (2001), Cutsinger et al. (2005) , and Wolman et al. (2005) have argued that at least seven distinct dimensions of metropolitan land use can be identified, and indices can be operationalized for each to measure job and housing development patterns. Each of the dimensions is specified such that higher values are associated with attributes commonly thought of as more compact, less "sprawl-like" development: (1) Density: the degree to which the housing units or jobs within a metropolitan area are developed in an intensive manner relative to land area capable of being developed (higher density is less sprawl-like); (2) Continuity: the degree to which developable land has been developed in an unbroken fashion throughout a metropolitan area (higher continuity means less "leapfrog" sprawl); (3) (Un)Evenness: the degree to which a given land use (or housing units or jobs) is distributed unevenly across the square-mile cells comprising a metropolitan area (greater unevenness is associated with a more compact, less sprawl-like development pattern); (4) Centrality: the degree to which a land use is located nearer the core of a metropolitan area, relative to the land comprising the metropolis (more centralized development is less sprawl-like); (5) Proximity: the closeness of housing units, jobs, or housing unit/job pairs to each other across a metropolitan area, relative to its total land area (greater proximity is associated with less sprawl-like development); (6) Mixed-Use: the degree to which housing units and jobs are located in the same square-mile cells comprising a metropolitan area (greater mixing of uses is typically viewed as a less-sprawling pattern of development); (7) Nuclearity: the degree to which major metropolitan job clusters are disproportionately located in the core, as opposed to dispersed in a multicentric framework (greater relative clustering of jobs in the core is associated with less sprawllike development).
Potential Causal Connections between Dimensions of Land Use and Dimensions of Racial Segregation
The foregoing subsections have been a prelude to the main task at hand: articulating how multiple land-use dimensions may affect dimensions of racial residential segregation.
Overall, our analysis suggests that: (1) all dimensions of metropolitan housing and employment land uses will affect segregation to the degree that they alter real household incomes through changes in the average price of land/housing packages ("land" hereafter); (2) patterns of housing development will affect segregation to the degree that they change inter-group prejudices through propinquity and contact; (3) patterns of how employment nodes are developed will affect segregation to the degree that commuting cost gradients are changed and interracial income differentials are modified through adjustments in spatial mismatch; (4) the density of development and the intensity at which land uses are mixed will affect segregation to the degree that different racial/ethnic groups differ in their preferences for density and mixture of uses; (5) changes in most dimensions of housing and employment land uses are likely to generate countervailing forces influencing segregation. Thus received theory suggests that different aspects of metropolitan land usage will have different causal impacts, depending on the particular aspect of segregation being considered. 16 We therefore conduct a comprehensive empirical analysis wherein all dimensions of both land use and racial segregation are investigated.
Land-use patterns, housing prices, and interracial real income differentials. To the extent that land is developed intensively and compactly for either jobs or housing, the average price per acre of developed land will be higher, thereby reducing the real incomes of all residents, everything else being equal. As explained above in the context of the "income difference" theory of segregation, the fact that the distribution of most minority groups' income is shifted to the left of that of Whites, and that most housing is spatially separated according to affordability, means that some racial segregation will be produced by interracial differences in ability to pay. But with higher land prices overall this interracial affordability gap becomes intensified and segregation should, therefore, be abetted.
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What this implies is that density, continuity, centrality, proximity, and nuclearity should all be positively related to every dimension of segregation through the land price/ affordability differential argument. 18 The evenness of development should have a more localized impact: in places where the city is more intensively developed, the higher land prices should lead to a larger affordability gap and hence greater segregation in the vicinity. Although this may yield differences in most dimensions of segregation in the aggregate, there is no a priori reason to expect it will be related to centrality. There is no reason why the mix of land uses should affect the overall land price gradient unless there is a consensual preference that a metro's average degree of land-use mixture represents an amenity or disamenity of significance.
Housing, propinquity, and prejudice. A metropolitan area with housing developed at higher densities and in greater proximity is more likely one in which mundane activities of life will bring one in contact with increasingly diverse kinds of people. Indeed, propinquity as a determinant of social interaction has been a longstanding sociological principle (Hawley, 1972) . Such interaction, in turn, may provide the basis for eroding inter-group prejudices, especially to the degree that these contacts are among groups of similar socioeconomic status (Allport, 1954; Jackman and Crane, 1986; Sigelman et al., 1996; Emerson et al., 2002; Ihlanfeldt and Scafidi, 2002) . However, there is also theory and evidence to suggest that such interaction may only intensify conflict and prejudices, especially when minorities are increasing in number and groups of lower status are mixed (Bobo, 1988; Glaser, 1994; Branton and Jones, 2005) . We are therefore unable to predict how more compact development patterns should be associated with inter-group prejudices and, thereby, levels of residential segregation in all dimensions.
Jobs, commuting gradients, and spatial mismatch. One factor affecting households' residential choices is the accessibility of potential residences to employment, which is defined in terms of the location of their employment. So, to the extent that there are many different nodes at which significant numbers of jobs are clustered, and that these nodes differ dramatically in the racial/ethnic composition of their workforces, the probability will rise that workers of different racial/ethnic categories will bid most intensely for separate locations within the metropolitan area. This implies that a development pattern with most jobs clustered in or near the city center should have a single, common peak in the commuting cost gradient (as per Fig. 1 ) and thus exhibit less racial segregation.
The distribution of employment may have a second impact on segregation, however, related to the geographic disjuncture between (typically centrally located) minorityoccupied residential areas and (typically suburban) locations of expanding, well-paying job opportunities. This spatial mismatch hypothesis, first articulated by Kain (1968) , has been thoroughly investigated and shown to produce interracial differences in employment rates and wages in numerous metropolitan areas (Ihlanfeldt and Sjoquist, 1998) . This means that metropolitan areas having (1) higher shares of jobs more centrally located, (2) greater numbers of jobs mixed with residential areas, and (3) smaller average distances between jobs and residences would be predicted to have smaller interracial differences in incomes, and thus lower segregation in all dimensions based on differences in ability to pay.
Differential preferences for land-use amenities. Groups would have no basis for sorting on the basis of different preferences for amenities if such amenities were evenly distributed across the metropolitan landscape. Two important amenities are generated by metropolitan development patterns and are likely to vary across space, however. Both population density and the mixture of residences and jobs at a small geographic scale are typically disproportionately greater nearer the core (the latter because these areas often were developed in a time of fewer zoning controls). Intrametropolitan variations in density and land-use mixing will be greater in metros areas with greater spatial unevenness of residences and jobs. If different racial groups differed substantially in their preferences for low density and/or homogeneous land-use areas, their bidding would tend to focus on different parts of the metropolis. If Whites were to have the strongest preferences for these amenities, this line of argument would imply that metropolitan areas with higher densities, unevenness, or mixes of land uses will have Whites more segregated; they 528 GALSTER AND CUTSINGER should especially be located nearer the periphery and concentrated in smaller sectors where their preferred amenities are available.
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Countervailing forces. The foregoing has articulated different potential causal paths through which different aspects of metropolitan land use may affect residential segregation. These paths manifest themselves in the following ways: (1) the "propinquity effect" may change prejudices; (2) the "land/housing price effect" and the "spatial mismatch" effect may change ability to pay; and (3) the "amenity" effect may change the most desired locations. Seen holistically, this theoretical discussion reveals a deeper hypothesis: the same dimension of land use may engender countervailing effects on segregation. This is most readily seen by summarizing the above predictions: (1) density and unevenness directly related to segregation via land price and amenity effects, but (possibly) inversely related via propinquity effect; (2) continuity directly related to segregation via the land-price effect, but (possibly) inversely related via the propinquity effect; (3) centrality directly related to segregation via the land-price effect, but inversely related via the commuting profile effect; (4) proximity directly related to segregation via the land-price effect, but inversely related via the propinquity and spatial mismatch effects; (5) mixed use directly related to segregation via amenity effects, but inversely related via the spatial mismatch effect; (6) nuclearity directly related to segregation via the land-price effect, but inversely related via commuting profile and spatial mismatch effects.
From theory, we have no way of knowing whether one or the other countervailing effect predominates over a certain range of the particular land use, or whether they simply cancel each other out in most circumstances. However, if one or more countervailing effects are nonlinear in their impacts, it may well be the case that one and then the other predominates as the range of land-use patterns varies. In our empirical modeling, we will experiment with nonlinear regression specifications to test for this possibility.
DATA, MEASURES, AND METHODS

Sampling
In this study, we analyzed a sample of 50 metropolitan areas drawn from a pool of the 100 largest metropolitan areas in the United States, based on 1990 population. 20 This sample was regionally stratified and then a proportionate random sample was drawn from each of the four Census regions. The final sample includes 11 metros from the Northeast region of the country, 11 metros from the North-Central region, 12 metros from the Western region, and 16 metros from the Southern region (Table 1) . 19 We are unaware of any evidence suggesting interracial differences in amenity preferences (independent of income), though evidence regarding such differences in components of the dwelling package (Galster, 1979) makes this a plausible argument. 20 Calculation of the various land-use indices is an extremely resource-intensive process, and support was only available to work with 50 metros. Moreover, our indices require information from the U.S. Geological Survey's National Land Cover Data Base; unfortunately, the 2002-2003 NLCDB was not yet available, forcing us to use 1990 land-use values. Our land-use data are drawn from geographic areas that represent the commutersheds of metropolitan areas. These are explained more fully in Wolman et al. (2005) . 
Measuring Dimensions of Residential Segregation
Massey and Denton (1988) and Massey et al. (1996) , on theoretical and empirical grounds, have built the case for preferred indices for the five dimensions of segregation, which are employed in this study. Because these indices are well known and were defined in the previous citations, they only need listing here: (1) 23 Higher values of all these measures are indicative of greater segregation of Blacks. We employ the 1990 and 2000 values of these indices as calculated by the U.S. Bureau of the Census, based on census tract geography (Iceland et al., 2002) . Descriptive statistics and fuller explanations of these indices are presented in Table 2 .
Measuring Dimensions of Metropolitan Land Use
Our measures are based on the conceptual and empirical foundations established in our prior work (Galster et al., 2001; Cutsinger et al., 2005; Wolman et al., 2005; Cutsinger and Galster, 2006) . Using Geographic Information System (GIS) software, we first superimposed a virtual grid of square-mile cells over each sampled metropolitan statistical area (MSA). Second, we tabulated numbers of housing units and jobs in each cell, using data from the 1990 Census of Population block counts and the 1990 Census Transportation Planning Package. 24 Third, we specified an "extended urbanized area" (EUA) as the geography employed for calculating indices; this represents the developed commuter zone of the MSA that is appropriate for measuring land-use patterns.
25 Fourth, we estimated the amount of land in each cell that cannot be developed for physical reasons, 21 Though Massey and Denton (1988) and Massey et al. (1996) recommended the unstandardized P*, we (like Glaeser and Vigdor, 2003) think the standardized index is the superior segregation measure based on conceptual grounds because it controls for the metro-wide share of the minority. The standardization used was: 100*(1-[b/I])/(1-b), where b is the proportion of Blacks in the metro and I is the unstandardized isolation index, scaled to a maximum 1.0. 22 Massey et al. (1996) found DEL the superior measure of concentration in their 1990 sample. 23 Massey et al. (1996) found ACL the superior clustering measure in their 1990 sample. 24 The 1990 U.S. Census of Population and Housing provided block-level counts for housing units in each metropolitan area, which were aggregated up to one-square-mile cells overlaid on metros via GIS, our spatial unit of observation. When gridlines divided census blocks, the number of housing units allocated to each cell was based on the proportion of the block that fell within a cell. Employment data were obtained from the 1990 Census Transportation Planning Package (CTPP) dataset available from the Bureau of Transportation Statistics. This dataset included the geographic boundary files for traffic analysis zones (TAZ) and the CTPP Urban Part II: Place of Work data, which collectively allowed us to allocate the number of jobs to each cell based on the proportion of each TAZ that fell wholly or partially within a cell. 25 To specify the EUA we exclude from the MSA those square-mile cells that do not have at least (1) 30% or more of its employees traveling to the urbanized area; and (2) 60 housing units per square mile, thereby avoiding rural areas of the MSA. For conceptual discussion and operational details, see Wolman et al. (2005). employing satellite imagery from the 1992 U.S. Geological Survey's National Land Cover Database.
26 Finally, we computed 14 land-use indices as described below.
Note at the outset that all our land-use indices are consistently scaled such that higher values indicate greater compactness and lower degrees of sprawl-like characteristics on that dimension. The aforementioned seven dimensions of land use we analyze here, typically operationalized with analogous indices for housing and jobs, follow.
Density. We operationalize two comparable density indices, one each for housing units and jobs within the EUA: (1) Housing Unit Density of Developable Land-the average number of housing units per square mile of developable land in the EUA; (2) Job Density of Developable Land-the average number of jobs per square mile of developable land in the EUA.
Continuity. We distinguish two types of continuity: micro-continuity and macrocontinuity. Micro-continuity measures the extent to which developable land within the EUA has been skipped over; macro-continuity measures the extent to which development proceeds continuously from the edges of the more intensively developed urbanized area 26 Data from the U.S. Geological Survey's National Land Cover Database provided information about land coverage types that we used to define for each cell the proportion of land in three categories: developed, developable, and undevelopable. 
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GALSTER AND CUTSINGER or, instead, exhibits a leapfrog or scattered pattern to the edge of the EUA. Micro-continuity and macro-continuity are operationalized this way: (1) micro-continuity-percentage of square-mile cells within the EUA in which 50% or more of the land that is or could be developed has been developed; (2) macro-continuity-the share of the EUA that is classified as the Urbanized Area (UA) 27 by the U.S. Census Bureau.
Unevenness. Our indices are identical to the Dissimilarity Index, wherein the proportion of all observations of the given land use located in a particular square-mile cell is contrasted to the proportion of all land in the EUA represented by that cell. We operationalize D indices for both housing and jobs: (1) Housing Unit Unevenness-the percentage of housing units that would need to move in order to produce an even distribution of housing units across cells comprising the EUA; (2) Jobs Unevenness-the percentage of jobs that would need to move in order to produce an even distribution of jobs across cells comprising the EUA.
Centrality. We define the core of the EUA as the location of city hall and measure the distance between it and the centroid of each square-mile cell in the EUA, weighted by the number of homes or jobs in each. We standardize this weighted average distance by the (unweighted) average distance to city hall from each centroid of the cells comprising the EUA, so as not to inevitably specify larger EUAs as less centralized. 28 Centrality is operationalized by two indices: (1) Housing Centrality-the ratio of the average distance to city hall of centroids of the cells comprising the EUA to the average distance to city hall of a housing unit within the EUA; (2) Job Centrality-the ratio of the average distance to city hall of centroids of the cells comprising the EUA to the average distance to city hall of a job within the EUA.
Proximity. Proximity, like centrality, utilizes weighted averages of the distance between jobs, housing units, or job/housing unit pairs across all square-mile cells in the EUA so that sparse jobs and housing units on the urban fringe (and therefore less proximate to denser clusters of jobs and housing units near the urban core) do not overly influence estimates. The standardized proximity index adjusts for EUA size in a similar manner as centrality. We operationalize three proximity indices: (1) Housing Proximitythe ratio of the average distance among centroids of cells in the EUA to the weighted average distance among housing units in the EUA; (2) Job Proximity-the ratio of the average distance among centroids of cells in the EUA to the weighted average distance among jobs in the EUA; (3) Jobs to Housing Proximity-the ratio of the average distance among centroids of cells in the EUA to the weighted average distance among jobs and housing units in the EUA.
Mixed-use. The mixed-use indices are based on exposure (P*) indices and measure exposure of jobs to housing and vice versa. P* measures the average presence of one land-use type in the square-mile cells occupied by another type: (1) Mixed-use of Jobs to Housing-the average number of housing units in the same cell as a job; (2) Mixed-use of Housing to Jobs-the average number of jobs in the same cell as a housing unit.
Nuclearity. We specify square-mile cells as nuclei, either at the core or sub-centers outside the core, if they contain 8,000 or more employees, plus any adjacent cells (including those touching only at their corners) containing 4,000 or more employees. Any two adjacent cells, each of which contains 4,000 or more employees, that were separated from another nucleus by at least one cell containing less than 4,000 employees, is also considered a nucleus. We operationalize one nuclearity index: Core-dominated Nuclearity-the ratio of jobs in the core nucleus to jobs in all nuclei (including the core).
29 Descriptive statistics for all land-use indices are displayed in Appendix A.
To reduce the aforementioned 14 indices of metropolitan land-use patterns to a more manageable number, we conducted a principal components (factor) analysis on indices calculated for the aforementioned sample of 50 large U.S. metropolitan areas (converted to EUAs). We found that the analysis produced seven distinct components (Appendix B). 30 Based on the land-use characteristics that are most closely related to (i.e., load most highly on) each factor, we label these factors: (1) density/continuity, (2) proximity, (3) job compactness, (4) mixed-use, (5) housing centrality, (6) nuclearity, and (7) housing unevenness. These seven factors cumulatively explain 94% of the variation in the original 14 indices. Below we provide an intuitive discussion of how each factor measures a particular spatial aspect of land use.
Both of the density indices and both of the continuity indices load highly on the density/continuity factor. Higher values of this factor indicate metros that are more intensively developed and have little bypassed developable land. After rotation, this component accounts for 25% of the total variance in the original indices. The proximity factor is characterized by high loadings from the housing proximity and housing-to-job proximity indices, and accounts for 15% of the total variance. Higher values of proximity indicate metros where the distances among homes and among homes and jobs are considerably less than average distance between centers of the cells comprising the area. The job compactness factor is characterized by high loadings from the job unevenness index, the job centrality index, and the job proximity index, and accounts for 15% of the total variance. Higher values of job compactness are indicative of jobs clustered relatively closer to each other and the core. Both mixed-use indices load highly on the mixed-use factor, which accounts for 15% of the total variance. Higher values indicate metros having a greater diversity of residential and nonresidential uses within a square-mile cell. The housing centrality index is the only measure that loads highly on the housing centrality factor, which accounts for 8% of the total variance. Higher housing centrality indicates metros where housing is relatively much closer to the core than the average square-mile unit of land comprising the area. The sole nuclearity index loads highly onto the nuclearity factor, which accounts for 8% of the total variance. High nuclearity indicates metros where the only major employment cluster is in or near the Central Business District. Lastly, the housing unevenness index loads highly on the housing unevenness factor, which accounts for 7% of the total variance in the original indices. Higher values of this factor indicate metros with housing concentrated in considerably different degrees across square-mile cells.
The way in which our 14 land-use indices load onto the seven factors demonstrates some interesting underlying patterns among the indices that had corresponding measures for housing and jobs. The factors describing job patterns typically (with the exception of density) are quite distinct from those describing housing patterns, indicating differences in how jobs and housing units are dispersed throughout metropolitan space.
We generate variables from these factors by employing the associated factor score coefficients when all composite variables have been normalized. Because we will be employing quadratic specifications of each of these seven land-use indices and therefore desire to eliminate negative values, we rescale by adding the minimum value to each. Descriptive statistics for these rescaled land-use indices are displayed in Table 3 . 
Density/Continuity
The extent to which housing and jobs are densely distributed and the degree to which development occurs in a continuous fashion.
1.75 1.00
Housing Proximity
The extent to which housing units are located nearer one another, and how near a typical housing unit is to a typical job, relative to the average distance between centroids of grids comrpising the EUA.
3.07 1.00
Job Distribution
The degree to which jobs are concentrated in particular areas, situated nearer the CBD, and located nearer one another, relative to the average distance between centroids of grids comprising the EUA.
1.47 1.00
Mixed Use
The extent to which jobs and housing are co-located within the same square-mile, averaged across grids comprising the EUA.
2.25 1.00
Housing Centrality The extent to which housing units are situated nearer the CBD, relative to the average distance between centroids of grids comprising the EUA and the CBD.
2.26 1.00
Nuclearity The degree to which jobs contained in clusters of at least 8,000 jobs per square mile are located in the core of the EUA, rather than spread among multiple job centers.
2.11 1.00
Housing Concentration The extent to which housing units tend to be clustered in particular square-mile units comprising the EUA. 
Regression Model
Two challenges must be overcome in order to specify a multiple regression model of segregation and metropolitan land-use patterns: causality (endogeneity) and metropolitan idiosyncrasies. This paper focuses on uncovering the causal paths from land use to segregation, but it is plausible that causation may also flow in the opposite direction. For example, assume that Whites in a particular, highly segregated metropolitan area show a strong preference for predominantly White-occupied neighborhoods. However, because of, say, intensified fair housing enforcement efforts and a robust economy that disproportionately enriched minority households, many formerly all-White neighborhoods start experiencing a noticeable in-migration of minority households, and segregation declines. Prejudiced Whites may thus be willing to pay an enhanced premium for the few remaining allWhite neighborhoods located far from the mixed ones, thereby signaling developers to produce exactly those kinds of places, which ultimately become manifested as altered land-use patterns years later. Thus, past levels of segregation may influence current landuse patterns, although all tend to change slowly over time and influence each other with a considerable lag.
As for idiosyncrasies, each metropolitan area has a unique history of race relations, industrial restructuring, and public policies that have either abetted or eroded segregation. Clearly it is impossible to explicitly measure all these idiosyncratic features or to summarize them with a metro-specific fixed effect, because there would be as many dummy variables as observations in a typical cross-sectional model.
To meet both of these challenges, we estimate a regression model that relates year-2000 cross-metropolitan variation in an index measuring one of i dimensions of segregation (SEG This model meets the challenges of causality and metropolitan idiosyncrasies as follows. Specification of the lag between land-use patterns and segregation measured a decade later ensures, in conjunction with the lagged value of segregation, that causality is being measured in the intended way. It must be recognized, however, that the specification 536 GALSTER AND CUTSINGER in [1] probably understates the longer-term influence of land-use patterns on segregation, because it controls for SEG 90 i , which is itself probably shaped by earlier stages of landuse patterns. Metro-specific idiosyncrasies affecting segregation are summarily controlled by employing the lagged value of segregation as an explanatory variable. That is, each metro's peculiar historical patterns that have shaped its level of segregation should already be reflected in SEG 90 i . Land-use patterns enter the model in quadratic form in [1] . Following from our prior theoretical discussion of their potentially countervailing (but nonlinear) influences on the factors affecting segregation, we would expect [β] and [θ] to have opposite signs, although theory provides no guidance about which set would have positive signs. Given this, we employ conservative, two-tailed tests of statistical significance.
As control variables we employ an extensive list of demographic, social, and economic characteristics that have conventionally been employed in previous cross-sectional models of segregation (Galster, 1987 (Galster, , 1991 Galster and Keeney, 1988; Farley and Frey, 1994; . Note, however, that many variables used in prior studies (such as regional dummies) are rendered superfluous by our specification of the lagged dependent variable. Given the above interpretation of our model as one explaining changes in segregation, our control variables are measured as changes from 1990 to 2000. Descriptive statistics for these variables are presented in Table 4 .
In sum, our specification examines cross-sectional variation in Black-White segregation changes from 1990 to 2000 that are associated with coincidental changes in a variety of economic and demographic changes that play themselves out within varied land-use contexts extant in 1990. Table 5 provides a descriptive overview of the interregional variation in our key variables of interest. While most of the interregional differences in our 1990 summary landuse indices are modest, there are some noteworthy patterns. The Midwest region in our sample, on average, scores lowest on the job distribution, mixed-use, and housing unevenness factors; the Northeast scores lowest on density/continuity and proximity; the South scores lowest on housing centrality and nuclearity. Recalling that lower values of our indices indicate more sprawl-like patterns, the foregoing suggests that it would be unfair to give any region the blanket label of "most sprawled," independent of the particular factor being considered. Indeed, these indices cluster in ways that delineate four metropolitan land-use typologies, each of which manifests a distinctive set of sprawl-like dimensions (Cutsinger and Galster, 2006) .
RESULTS
Inter-Regional Variations in Land-Use Patterns and Changes in Segregation
Changes in Black-White segregation observed from 1990 to 2000 for three indices are, on average, consistent across all regions in our sample; dissimilarity (D), isolation (Std. I*), and concentration (DEL) declined in all regions. The West evinces higher-thanaverage declines in all five dimensions of segregation. The only exceptions to desegregation were in the South, where Blacks became slightly more centralized than Whites, and in the Northeast and Midwest, where Blacks clustered more and the same, respectively (see the bottom panels of Table 5 ).
Regression Findings
When the model embodied in equation 2 is estimated, a variety of interesting relationships between changes in control variables and changes in segregation emerge. 31 Fastergrowing metros exhibited lower dissimilarity and isolation of Blacks. Larger metros and those that reached their peak populations longer ago were associated with increases in Black isolation during the 1990s. Just the opposite occurred for areas with growing shares of minority populations and Whites between the ages of 25 and 54. Metros with greater expansions of their high-income populations witnessed steeper declines in Black concentration. Finally, growing shares of college-educated Whites in a metro were associated with less dissimilarity of Black-White locations but greater relative Black centralization.
Here the main focus, however, is on the relationship between land-use patterns in a metropolitan area and subsequent changes in its Black-White segregation. As predicted 31 The complete set of results for control variables in the regressions are available from the authors. by our theory, our initial trial regressions found that simple, linear models poorly fit relationships between measures of Black-White segregation and land-use measures. Of course, this could mean that these two sets of variables indeed have no relationship, that the underlying relationships cancel each other out, or that the relationships are nonlinear in ways that are poorly captured by the simple, linear specification. In order to explore the latter possibility we experimented with several sorts of nonlinear specifications. We found in the case of Black isolation that the quadratic specification worked best. In the case of Black centralization, concentration, and clustering, a threshold-spline specification (where the slope of the relationship is zero until a critical value of the land-use measure is exceeded) worked best. 32 We found no models where land-use measures related to Black-White dissimilarity in a statistically significant way. In Table 6 we present standardized beta coefficients and associated t-statistics of the relationships that proved statistically significant. 33 32 To be more precise, the land-use measure M spline was defined as follows: M = 0 if M<X; M = (M-X) if M≥X, where X = threshold. 33 All results come from regressions using the full set of control variables shown in Table 4 and the lagged value of the dependent variable; full results are available from the authors. A few overarching observations are in order at this point. First, only some aspects of land use seem to be related (in either linear or nonlinear ways) to some aspects of segregation. Second, the dominant relationship observed is that, on several measures, more sprawl-like land-use patterns are associated with less Black-White segregation (or more desegregation), although there are two notable exceptions. Third, there appears to be no single measure of land-use patterns that explains a wide variety of dimensions of segregation. Only density-continuity and housing proximity are strong predictors for even two dimensions of segregation; three other land-use factors predict only a single dimension of segregation, and two predict none. Fourth, although the relationships between land-use patterns and segregation are thus particularized, they are nontrivial in magnitude in these particular cases, as we shall discuss below. Finally, relative Black centralization is the dimension of segregation that is most closely related to a wide range of land-use factors. Now we turn to a discussion of the four dimensions of segregation and their relationships to land-use patterns.
Consider first the estimated relationship between housing proximity and Black concentration that is portrayed in Figure 2 . This figure, and all forthcoming ones that graphically portray our regression results, shows the decadal changes in the given segregation dimension associated with within-sample variations in the 1990 level of the given land-use factor.
34 Increasing values on the horizontal axis are associated with a more compact (less sprawl-like) metropolitan form; increasing values on the vertical axis are associated with growing segregation during the 1990s. For extreme sprawl-like settings in which dwellings are widely scattered compared to the metro land area, there appears to be no relationship with Black concentration. Only if the degree of proximity exceeds a threshold of 1.5 34 In all figures, there are sufficient numbers of observations in all ranges of the horizontal axis. 
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(half the mean; cf. Table 3 ) does a direct relationship start to emerge. It shows that a metro with housing proximity two standard deviations above the mean would be predicted to have a 2.45 times greater increase in Black concentration than a metro with proximity below the threshold. This difference represents 2.9% of the 1990 mean level of Black concentration and 118% of the observed mean change in this dimension during the 1990s.
The estimated relationship between metropolitan density-continuity and the clustering of Blacks in contiguous neighborhoods is shown in Figure 3 . As in the previous case, the relationship is characterized by a threshold, but this one appears at the mean value of density-continuity. Beyond this threshold, the relationship becomes even more strongly direct than in the previous case, with a metro with housing proximity two standard deviations above the mean predicted to have a 5.6 times greater increase in Black clustering during the 1990s than a metro with proximity below the threshold. This difference represents 20.6% of the 1990 mean level of Black clustering and 888% of the observed mean change in this dimension during the 1990s! Next consider a more nuanced set of findings relating four different land-use factors to changes in relative Black centralization (Fig. 4) . All these relationships also seem best captured as threshold splines, with modest variations in the parameter specifying the threshold. Three of the relationships echo those that have been discussed previously: once housing proximity, housing unevenness, or nuclearity surpass their respective thresholds, greater degrees of compact land-use patterns are associated with increasing levels of relative Black centralization. As before, the magnitude of these relationships are sizeable: compared to metros below the threshold, those having values two standard deviations above their respective means evince higher RCE scores in the range of four to six points, representing 11.8% to 17.7% of the 1990 mean level and 10 to 15 times the magnitude of the observed mean change in RCE from 1990-2000. Of special interest, however, is the distinctly different threshold relationship evinced for density-continuity: once exceeding the threshold of 1.5, metropolitan areas with higher density and continuity of the residential landscape are associated with less relative Black centralization (i.e., evinced greater declines in RCE during the 1990s). Compared to metros below the threshold, those having density-continuity values two standard deviations above the mean evince 6.3-point lower RCE scores, representing 18.5% of the 1990 mean level and almost 16 times the magnitude of the observed mean change in RCE from 1990-2000.
Finally, we consider the most complex finding of all: the estimated quadratic relationship between job distribution and Black isolation, which evinces a U-shaped plot as portrayed in Figure 5 . Figure 5 shows that metros with job distributions ranging between the mean and values two standard deviations above the mean had substantially greater declines in Black isolation, everything else being equal. Compared to the metropolitan area with the least-compact distribution of jobs (at the origin of Fig. 2) , one at the minimum of the function (job distribution = 2.75) would be predicted to have a 7.5% greater decline in the standardized index of Black isolation. This magnitude represents 9.1% of the 1990 mean and 121% of the actual mean change in isolation observed (cf . Tables 2  and 5 ). However, metros that had the most compact job distributions had only slightly different changes in Black isolation than those in the least compact metros. We discuss possible reasons for these intriguing findings below. 
DISCUSSION
Segregation and the (Sometimes Countervailing) Impacts of Land-Use Patterns
We believe that the totality of the previous results suggest unambiguously the dominance of the land/housing price effect as the primary mechanism through which land-use patterns influence Black-White residential segregation. To the extent that housing is developed in a dense, continuous, concentrated, and proximate pattern, the average price per residential acre of developed land will be higher, thereby magnifying the interracial affordability gap and intensifying segregation (or equally, limiting desegregation) along several dimensions.
However, we have also found evidence that suggests the presence of a countervailing causal mechanism: propinquity that reduces interracial prejudice. A denser residential settlement pattern proved to be associated with larger reductions in the relative centralization of Blacks' residential areas, perhaps because Blacks felt more comfortable moving farther from the core and/or Whites felt more comfortable moving closer to the core. In this dimension of segregation, the apparent propinquity effects dominate the land-price effects.
Two additional causal mechanisms must be brought to bear to adequately explain the quadratic relationship between job compactness and Black isolation. In metropolitan areas where jobs are widely dispersed (especially if they are in many far-flung subcenters), previous research has found that there will be (1) lower land prices overall (Kahn, 2001) ; (2) greater spatial mismatch between jobs and traditionally minorityoccupied neighborhoods (Stoll, 2004) ; and (3) greater dissimilarity of workplace locations between White and minority employees. By comparison, as jobs are distributed somewhat more compactly and closer to the core, less mismatch will narrow interracial income differentials (and housing affordability gaps thereby) and greater interracial commonality of workplace destinations will encourage both Blacks and Whites to bid for the same (more centralized) neighborhoods. Apparently, these forces trump the land/housing price effect, resulting in a net desegregation situation where Black isolation declines more. As jobs become extremely concentrated at the core (with no subcenters), however, the land/housing price effect apparently overwhelms the prior two, yielding roughly the same net effect on isolation changes as in the case of widely dispersed jobs.
In sum, the evidence clearly shows that the relationship between metropolitan landuse patterns and Black-White segregation can assume a variety of nonlinear forms, depending on the particular aspect of land use and segregation in question. We would argue that these findings can only be explained if different dimensions of land-use patterns generate at least four sorts of impacts (on land/housing prices, inter-group propinquity, commuting destinations, and job-housing spatial mismatch for Blacks), each of which affect desegregation in contrary ways. Which force(s) dominate depends on how extreme a particular land-use pattern has become.
Land-Use Controls, Urban Growth Policy, and Segregation
It follows from our analysis that developing appropriate, effective, and socially beneficial public policy responses to undesirable metropolitan development patterns requires a careful unpacking of the often (though ambiguously) used concept "sprawl" (Galster et al., 2001) . In establishing the goals of any proposed intervention in a particular metropolitan land market, one must move beyond the vague rhetoric of "fighting sprawl" to targeting the specific dimension(s) of land use that are putatively generating the undesirable outcome(s).
Moreover, the findings of this research imply that an additional layer of specificity and sensitivity to unintended outcomes be applied by land-use planners and policymakers. No longer should it be uncritically assumed that efforts to reduce land-use patterns typically associated with sprawl will automatically produce conditions more favorable for racial desegregation. Instead, we suggest that planners and policymakers should consider the degree to which policy-induced changes in the targeted dimensions of land use will affect segregation (perhaps in an undesirable fashion).
For example, if one were interested in how a potential land use or growth control policy might affect trends in Black-White segregation in a given area, the present study suggests that changes in either the mix of residential and nonresidential uses at the scale of one square mile or the centrality of housing development are not likely to have any impact. However, on most other land-use dimensions the policymaker would need to position her/his metropolitan area before assessing prospective desegregation consequences of a proposed action. For example, if the metro in question were currently at an extremely low ("sprawl-like") value of the housing dimension designated for change, a policy that only modestly nudged that dimension toward a slightly more compact form would be unlikely to have much impact on segregation, insofar as it would be unlikely to exceed the threshold. By contrast, metros in the broad middle range of housing development patterns are likely to create substantially more Black-White segregation to the degree that they successfully move to a less sprawl-like land-use pattern. In the case of policies affecting job locations, the considerations are also complex. For metros with highly dispersed job locations, policies that succeeded in transforming the metropolis toward the middle range of job distribution values would be expected to reap substantial desegregation payoffs (whether intended or not). However, if the metro in question was currently in the middle range, it is likely that any further attempts to encourage job subcenters would have the side-effect of stultifying desegregation. All this implies yet a deeper level of complication: many metros in our sample evince quite varied positions on the distribution, depending on which land-use factor is in question.
This discussion holds two sobering implications. First, it is possible that some metropolitan areas would inadvertently intensify Black-White segregation were they to more aggressively fight sprawl in particular ways, given their current land-use patterns. Second, the anti-sprawl policy instrument being considered may need to avoid altering unintentionally another dimension of land use besides that being targeted, thereby skirting unintended consequences of exacerbating segregation. This implies that land use and growth-control policy should be more attuned to treatment by a scalpel rather than a blunt instrument. That is, policies and programs should be formulated with sensitivity to avoiding potential unintended consequences regarding racial segregation or, more optimistically, to capitalizing on opportunities for reducing both sprawl and segregation simultaneously, such as instituting requirements of inclusionary zoning for appropriately sited multi-family housing complexes.
CONCLUSION
In this article, we have investigated theoretically and empirically the relationship between Black-White segregation and metropolitan land-use patterns for a representative sample of 50 large U.S. metropolitan areas. We operationalized indices measuring five dimensions of Black-White segregation and indices measuring seven dimensions of land-use patterns. To better deduce causality we specified a model of the 1990-2000 change in a given index of segregation as a nonlinear function of each of the seven landuse components in 1990, plus a set of conventional control variables. We found nonlinear relationships between changes in multiple dimensions of segregation and multiple dimensions of land use, with most demonstrating a direct relationship between more compact patterns and segregation once a threshold value was exceeded. The magnitude of these relationships proved substantial.
The patterns of results can be explained holistically by positing that variations in different dimensions of land-use patterns differentially affect land/housing prices, intergroup propinquity, interracial commonality of commuting destinations, and spatial mismatch which, in turn, appear to affect the ability of a metropolitan area to desegregate. But alterations in certain aspects of land use-density/continuity and job compactnessapparently spawn a combination of forces that affect desegregation in contrary ways; which force dominates seemingly depends on how extreme the given land-use pattern has become. Remarkably, metropolitan areas evincing extremely high or low values on job compactness demonstrated substantially less desegregation in multiple dimensions during the 1990s, all else being equal. Thus, although "sprawl" on some dimensions apparently abets Black-White desegregation, on other dimensions it has the opposite effect, and for all dimensions the effects are contingent on the initial pattern.
We recognize that our work does not provide a definitive analysis of the topic, but some caveats are in order. First, we have only investigated changes in segregation during a single decade, although racial settlement patterns have a long half-life, and thus currently embody the effects of public and private actions occurring decades ago. Second, we have not analyzed the degree to which the various dimensions of segregation discussed here are harmful from the perspective of Blacks or the larger society. 35 Third, there may be other aspects of land-use development, such as the connectivity of street patterns, which may be influential determinants of segregation, yet were unobserved by us. Finally, we would caution against generalizing findings here to the settlement patterns of other minority groups.
These caveats notwithstanding, we believe that several conclusions can be drawn from our work. First, it appears that certain dimensions of land-use patterns have indeed been an important, though understudied and underappreciated, element in the evolution of some aspects of Black-White segregation. Second, "sprawl" and "segregation" are terms that are too ambiguous without further operationalization to guide public policy. And, third, specific land-use regulations likely have distinct consequences for the development of future racial settlement patterns, depending on the current context, so planners and policymakers need to have a heightened sensitivity about the potential for unintended consequences. 
APPENDIX B. ROTATED COMPONENT MATRIX OF LAND-USE INDICES
